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The near-field coupling effect of metal nanoparticles has great influence on the 
far field spectra and the near field distributions, particularly on the enhanced ‘hot 
spot’ for the surface-enhanced Raman scattering (SERS). The main focus of this thesis 
is to theoretically study the quantitative dependence of the linear optical properties 
and electromagnetic (EM) enhancement mechanism. 
The linear optical properties and the SERS effect of spherical palladium and 
silver nanoparticle dimers are analyzed theoretically using generalized Mie theory，
firstly. The calculation results demonstrate that the near-field coupling effect greatly 
influences the absorption, scattering, and extinction spectra of nanoparticle dimers. 
The surface plasmon resonance wavelength red-shifts dramatically as the separation 
between nanoparticles decreases. Because of the near-field coupling between 
nanoparticles and the size effect, the averaged SERS enhancement factor over the 
entire nanoparticle surface of Pd dimer is in the range of 105–106. The deviation 
between the position of the peak in the extinction spectrum and the wavelength for 
maximum surface-averaged enhancement for the Pd and Ag nanoparticle dimers 
indicates that localized surface plasmon resonance has different influences on the far 
and near fields. These theoretical results may help to reveal the relationship between 
the far and near fields, as well as understand the mechanism of electromagnetic 
enhancement in the surface-enhanced scattering of noble and transition metals. 
Secondly, the available software DDSCAT which applies the discrete dipole 
approximation (DDA) method has been introduced and improved, in order to study 
absorption, scattering and electric-fields of metal nanostructures with arbitrary 
geometries. The modified DDSCAT can be used to calculate the averaged scattering 
spectra of arbitrary nanoparticles which are randomly distributed. And the near-field 
distributions corresponding to plasmon bands of the scattering spectra can also be 















advantages, the calculation results of DDA method are more instructive for the 
experimental works than other numerical methods. 
The calculation results of gold nanocube dimers by the improved DDSCAT 
reflect the great impacts of surface plasmon resonance (SPR) coupling effect on the 
far field and the near field. As the separation between nanoparticles decreases, the 
longitude plasmon band of the dimer with a fixed particle size red-shifts dramatically, 
and the maximum electric field at the gap cross-section gradually moves from the 
corners to the center region and forms ‘hot spot’. The optical properties of 
nanoparticles (e.g., the intensity and position of plasmon resonance peaks) are also 
critically dependent on the size effect. At a fixed separation distance, the SPR band of 
gold nanocube dimers red-shifts gradually with increasing particle size. 
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19 世纪 60 年代随着胶体化学（Colloid Chemistry）的建立，科学家们就







70 年代末到 80 年代初，科学家对一些纳米颗粒的结构、形态和特性进行了比较
系统的研究。描述金属颗粒费米面附近电子能级状态的久保理论日臻完善，在用
























































方法主要有：T矩阵法（T-matrix  methods）[10-12]、 有限元法 (Finite 
element methods，FEM) [13-15]、边界元法（Boundary Element Method, BEM）




























金属纳米棒，可以采用 TEM 及 UV-Vis 实验表征手段和 Gans 理论计算方法对其线
性光学性质进行系统研究。其中，金纳米棒粒子具有对称结构并且其吸收和散射














射光谱（Surface Enhanced Raman Spectroscopy, SERS）[55-57], 针尖增强拉















曼散射光谱（Hole-Enhanced Raman Spectroscopy， HERS）[61,62]和壳层隔绝
纳米粒子增强拉曼光谱（Shell-Isolated Nanoparticle-Enhanced Raman 
Spectroscopy,  SHINERS) [63]等。得益于 Nie， Kneipp， Xu 等人在单分子
SERS (Single Molecular SERS, SM-SERS)方面的开创性工作[64-66]，SERS 已
经发展成为具有单分子检测水平的新一代超高灵敏光谱技术。与此同时，田中群
教授研究组成功地将 SERS 研究拓展到一系列纯过渡金属体系，极大地克服了
SERS 只能应用于币族金属体系的限制[67,68]。针尖增强拉曼散射（Tip Enhanced 
RamanScattering, TERS）技术则可克服 SERS 信号只能源自处于粗糙表面或纳米
粒子上的探针分子的缺点，借助针尖与基底间的近场耦合效应，可在单晶表面获
取探针分子的高质量光谱信号。由于 TERS 可充分利用扫描探针显微镜空间分辨
率高的优点，因而它不但具备 SERS 高灵敏度的特点，而且具有比 SERS 更佳的光
谱空间分辨率[69,70]。在借鉴并发展了 TERS 的思想后，田中群教授研究组 近
提出了一种类似多针尖 TERS 的新的谱学增强技术即壳层隔绝纳米粒子增强拉曼
光谱 SHINERS [63]。SHINERS 借助核壳结构的纳米粒子简单而有效地获得单晶面
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